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@ Steerable rotaiy drilling system. 

@ A system for maintaining a downhole instru- 
mentation padcage in a roll stabilised orien- 
tation with respect to a drill string comprises an 
instrument carrier (812) which is mounted with- 
in a drill collar (810) for rotation about the 
longitudinal axis of the collar. An impeller (815) 
is mounted on tiie instrument canrier so as to 
rotate the can-ier relatively to the drill collar as a 
result of the flow of drilling fluid along the drill 
collar during drilling. The torque transmitted to 
the instrument carrier (812) is controlled, in 
response to signals from sensors in the earner 
which respond to the rotational orientation of 
the carrier, and input signals indicating the 
required roll angle of the carrier, so as to rotate 
the carrier (812) in the opposite direction to the 
drill collar (810) and at tiie same speed, so as to 
maintain the carrier non-rotating in space and 
hence roll stabilised. The torque may be con- 
trolled by controlling a variable coupling 
(851,852) between the Impeller and the carrier 
and/or by controlling a brake (857), for example 
in the form of a differential gear mechanism, 
between the carrier and the drill collar. 
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1 EP 0 520 

The invention relates to steerable rotary drilling 
systems and provides, in particular, methods and ap- 
paratus for determining the instantaneous rotational 
orientation of a rotating drill bit, (the roll angle), in such 
a system. s 

When drilling or coring holes In sut>-surface for- 
mations, it is sometimes desirable to be able to vary 
and control the direction of drilling, for example to di- 
rect the borehole towards a desired target, or to con- 
trol the direction horizontally within the payzone once io 
the target has been reached. It may also be desirable 
to correct for deviations from the desired direction 
when drilling a straight hole, or to control the direction 
of the hole to avoid obstacles. 

"Rotary drilling" Is defined as a system in which is 
a down hole assembly, including the drill bit, is con- 
nected to a drill string which is rotatably driven from 
the drilling platform. The established methods of di- 
rectional control during rotary drilling involve varia- 
tions in bit weight, r.p.m. and stabilisation. However, 20 
the directional control which can be exercised by 
these methods is limited and conflicts with optimising 
bit performance. Hitherto, therefore, fully controllable 
directional drilling has normally required the drill bit to 
be rotated by a down hole motor, either a turbine or 25 
PDM (positive displacement motor). The drill bit may 
then, for example, be coupled to the motor by a double 
lilt unit whereby the central axis of the drill bit is In- 
clined to the axis of the motor. During normal drilling 
the effect of this Inclination Is nullified by continual ro- 30 
tation of the drill string, and hence the motor casing, 
as the bit is rotated by the motor. When variation of the 
direction of drilling is required, the rotation of the drill 
sto'ng is stopped with the bit tilted In the required di- 
rection. Continued rotation of the drill bit by the motor 35 
then causes the bit to drill in that direction. 

The instantaneous rotational orientation of the 
motor casing is sensed by survey instruments carried 
adjacent the motor and the required rotational orien- 
tation of the motor casing for drill ing in the appropriate 40 
direction Is set by rotational positioning of the drill 
string, from the drilling platform, in response to the In- 
formation received in signals from the downhole sur- 
vey instruments. A similar effect to the use of a double 
tilt unit may be achieved by the use of a "bent" motor, 45 
a "bent" sub-assembly above or below the motor, or 
an offset stabiliser on the outside of the motor casing. 
In each case the effect is nullified during normal drill- 
ing by continual rotation of the drill string, such rota- 
tion being stopped when deviation of the drilling direc- so 
tion is required. 

Although such arrangements allow accurately 
controlled directional drilling to be achieved, using a 
downhole motor to drive the drill bit. there are reasons 
why rotary drilling is to be preferred. 55 

Thus, rotary drilling is generally less costiy than 
drilling with a downhole motor. Not only are the motor 
units themselves costiy, and require periodic replace- 
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ment or refurbishment, but the higher torque at lower 
rotational speeds permitted by rotary drilling provide 
improved bit perfornDance and hence lower drilling 
cost per foot. 

Also, in steered motor drilling considerable diffi- 
culty may be experienced In accurately positioning 
the motor in the required rotational orientation, due to 
stick/slip rotation of the drill string In the borehole as 
attempts are made to orientate the motor by rotation 
of the drill string from the surface. Also, rotational ori- 
entation of the motor is affected by the wind-up in the 
drill string, which will vary according to the reactive 
torque finom the motor and the angular compliance of 
the drill string. 

Accordingly, some attention has been given to ar- 
rangements for achieving a fully steerable rotary drill- 
ing system. 

For example, Patent Specification No. 
WEO90/05235 describes a steerable rotary drilling 
system In which the drill bit Is coupled to the lower end 
of the drill string through a unlvereal joint which allows 
the bit to pivot relative to the string axis. The bit is con- 
tra-nutated In an orbit of fixed radius and at a rate 
equal to the drill string rotation but in the opposite di- 
rection. This speed-confrolled and phase-controlled 
bit nutation keeps the bit heading off-axis in a fixed di- 
rection. 

British Patent Specification No. 2246151 de- 
scribes an alternative form of steerable rotary drilling 
system in which an asymmetrical drill bit is coupled to 
a mud hammer. The direction of the borehole is select- 
ed by selecting a particular phase relation between 
rotation of the drill bit and the periodic operation of the 
mud hammer. 

United States Reissue Patent No. Re 29526 de- 
scrit>es a steerable rotary drilling system in which a 
pendulum is mounted in the drill pipe close to the bit 
to assume a vertical position in the azimuthal plane of 
the drill pipe. When the position of the pendulum is 
such that the inclination of the drill pipe is not a pre- 
selected amount or the azintuthal direction of the pipe 
is not the preselected directk>n, a lateral force Is im- 
posed on the drill bit urging it to drill in a direction that 
will return the drill pipe to the preselected inclination 
or azimuthal direction. The pendulum and its associ- 
ated apparatus are roll stabilised, that is to say they 
are rotated in tiie direction opposite the direction that 
the drill pipe is rotated and at the same speed, so ttiat 
the pendulum is substantially non-rotative relative to 
the earth. 

In all of the above-described arrangements it is 
necessary, in order to achieve the required control, to 
be able to determine continuously the instantaneous 
rotational orientation of the rotating drill bit (or in prac- 
tice a drill collar or other rotatable part associated 
therewith) since the rotational orientation of the bit at 
any instant is an essential input parameter for the con- 
trol system. The instantaneous rotational orientation 
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of the drill bit may be derived from downhole instru- 
mentation, but problems arise In deriving signals 
which indicate the instantaneous rotational position of 
the drill collar with the necessary accuracy, since 
such signals are liable to be corrupted by high fre- s 
quency vibrations resulting fix>m the rotation of the drill 
string. 

In the case where the drill bit is driven by a down- 
hole nrK)tor, as explained above, rotation of the drill 
string is stopped when deviation of the drilling direc- io 
tion is required. The downhole instrumentation is 
therefore non-rotating when measuring the rotational 
orientation of the drill collar. Accordingly, the signals 
from the downhole instruments are unvarying (or 
varying only slowly) and any corruption of the signals is 
by high frequency vibration may therefore be readily 
filtered out Such filtering may be effected by proc- 
essing the signals electronically or by employing in- 
struments which are inherentiy unresponsive to high 
frequency vibration. The rotational orientation of the 20 
drill collar may therefore be readily computed using 
signals from sensors in the form of triads of mutually 
orthogonal linear accelerometers or magnetometers. 

In many types of steerable rotary drilling system, 
however, measurements of the instantaneous rota- 25 
tional orientation of the drill collar must be taken con- 
tinuously while the drill collar is rotating, and as a re- 
sult of this there may be substantial difficulty in ob- 
taining from the sensors signals which are uncorrupt- 
ed by high frequency vibration or in f atering out such so 
corruption. 

With the drill collar rotating, the principle choice is 
between having the instrument package, Including 
the sensors, fixed to the drill collar and rotating with 
it, (a so-called "strapped-down" system) or having the 35 
Instrument package remain essentially stationary as 
the drill collar rotates around it (a so-called "roll sta- 
bilised" system). The present invention relates to roll 
stabilised systems and sets out to provide improved 
forms of such systems in steerable rotary drilling sys- 40 
tems. 

According to the invention there is provided a sys- 
tem for maintaining a downhole instrumentation pack- 
age in a roll stabilised orientation with respect to a drill 
string, comprising: 45 

' a support connectable to a drill string; 

- an instrument carrier carried by the support; 

- means carried by the support for permitting the 
instrument carrier to rotate about the instrunrtent 
carrier's longitudinal axis; so 

- a rotatable impeller mounted on the instrument 
carrier for rotation by a flow of drilling fluid over 
the impeller; 

- means coupling the impeller to the instrument 
carrier for transmitting a torque to the instrument ss 
carrier to cause it to rotate about its longitudinal 
axis relatively to the support in a direction oppo- 
site to the direction of rotation of the support and 



drill string; 

- sensors carried by the instrument carrier for 
sensing the rotational orientation of the instru- 
ment carrier about its longitudinal axis and pro- 
ducing a signal indicative of said rotational orien- 
tation; 

- control means for confarolling, in response to 
said signal, the torque applied to the Instrument 
carrier to vary the rate of rotation of the instru- 
ment carrier relatively to the support, to provide 
roll stabilisation of the instrument carrier with re- 
spect to the support and the drill string. 
Preferably the longitudinal axis of the instrument 

carrier is coincident with the central longitudinal axis 
of tiie drill string, and the Impeller is rotatably mounted 
on the instrument carrier for rotation about the longi- 
tudinal axis of the instrument carrier. 

The means coupling the impeller to the instru- 
ment carrier may indude an electro-magnetic cou- 
pling acting as an electrical generator, the torque 
transmitted to the carrier by the coupling being con- 
trolled by means to control the electrical load applied 
to the generator output in response to said output sig- 
nal from the roll sensors and to a signal indicative of 
the desired rotational orientation of the carrier. The 
electro-magnetic coupling, acting as an electrical 
generator, may comprise a rotor rotating with the im- 
peller and a stator f bced to the carrier. The stator may 
be located within an internal compartment of the car- 
rier, the rotor being located externally of the carrier 
and the rotor and stator being separated by a cylindri- 
cal wall of said compartment. 

Alternatively, both the rotor and stator of the elec- 
trical generator may be located within an internal 
compartment of the carrier, the impeller being cou- 
pled to the rotor by a transmission through a wall of 
said compartment The transmission may include a 
magnetic coupling acting across said wall of the com- 
partment A reduction gearbox may be connected be- 
tween the impeller and the rotor of the electrical gen- 
erator. 

In the above arrangements the impeller and gen- 
erator are operating as a servo motor and tiie control 
of the load on the generator in response to the output 
signals from the roll sensors constitutes a servo loop. 
The output signals from the roll sensors will give a 
good long term error signal for the rotational orienta- 
tion of the instrument carrier, but such signals will be 
subject to high frequency noise. Some filtration of this 
noise may be effected, but this is in conflict with sta- 
bilisation of the servo loop. The servo loop could be 
stabilised by the use of a free roll gyro or a rate roll 
gyro. However, such components are expensive and 
can be fragile In the downhole environment 

In alternative arrangements according to the In- 
vention, the means for controlling the torque applied 
to the instrument carrier may include controllable 
braking means applied between the carrier and the 
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aforesaid support on which the carrier is rotatabiy 
mounted. The braking means are preferably located 
within an internal compartment of the carrier and are 
connected to said support by a transmission which In- 
cludes a magnetic coupling acting across a wall of the 5 
compartment In such arrangements the Impeller may 
be directly mechanically coupled to the carrier. 

The braking means may comprise an electrical 
generator having a rotor connected to the support and 
a stator connected to the instrument carrier, the tor- io 
que absorbed by the generator being controlled by 
means to control the electrical load applied to the gen- 
erator output in response to said output signal from 
the roll sensors and to a signal indicative of the de- 
sired rotational orientation of the carrier. A reduction is 
gearbox may be connected between the rotor and the 
support 

In one embodiment according to the Invention 
where an electrical generator driven by the impeller, 
the Impeller may supply electrical power to an electric 20 
servo motor, carried by the instrument carrier, which 
servo motor has an output shaft connected to the sup- 
port, for example through a magnetic coupling, to ef- 
fect rotation of the instrument carrier relatively to the 
support The output shaft of the servo motor may be 25 
connected to the support through a reduction gear- 
box. 

In a further embodiment according to the inven- 
tion the means coupling the impeller to the Instrument 
carrier for transmitting a torque thereto comprises: 30 

- a first shaft rotatabiy mounted on the Instrument 
carrier; 

- means drivably coupling the impeller to the first 
shaft; 

T a second shaft rotatabiy mounted on the instru- 35 
ment carrier; 

- means coupling the second shaft to the support 
on which the instrument carrier is rotatabiy 
mounted; 

- a differential gear mechanism coupling the first 40 
shaft to the second shaft; and 

- an electro-magnetic motor/generator mounted 
on the Instrument carrier and connected to the 
differential gear mechanism to transmit torque 
from said mechanism to the Instrument carrier; 45 
and 

- means controlling the motor/generator. In re- 
sponse to the aforesaid signal Indicative of the ro- 
tational orientation of the Instrument carrier, to 
control the torque applied to the instrument car- so 
rier. 

The system may further comprise an electrical 
generator driven by the impeller, the generator conrv 
prising a rotor driven by said first shaft and a stator 
mounted on the Instrument carrier. 55 

In any of the arrangement according to the In- 
vention the roll sensors may comprise a triad of mu- 
tually orthogonal linear accelerometers or magnetom- 



eters. 

The Invention also provides a steerable rotary 
drilling system comprising a roll stabilised instrument 
assembly having an output control shaft the rotational 
orientation of which represents a desired direction of 
steering, a bottom hole assembly including a bit struc- 
ture and a synchronous modulated bias unit Including 
means for applying to the bit structure a displacement 
having a lateral component at right angles to the axis 
of rotation of the bit structure, means operated by ro- 
tation of the bias unit relatively to said output control 
shaft for modulating said lateral displacement compo- 
nent in synchronism with rotation of the bit structure, 
and in a phase relation thereto determined by the ro- 
tational orientation of the control shaft, whereby the 
maximum value of said lateral displacement compo- 
nent is applied to the bit structure at a rotational ori- 
entation thereof dependant on the rotational orienta- 
tion of the control shaft, thereby to cause the bit struc- 
ture to become displaced laterally In said desired di- 
rection as drilling continues, and means for decou- 
pling the control shaft from the roll stabilised Instru- 
ment assembly and/or from the bias unit while main- 
taining the integrity of said assembly and bias unit re- 
spectively. The bias unit may be incorporated in the bit 
structure, and the roll stabilised instrument assembly 
may be of any of the kinds referred to above. 

The Invention further provkies a method of nnain- 
taining a downhole Instrumentation package in a roll 
stabilised orientation with respect to a drill string, 
comprising the steps of: 

- mounting the Instrumentation package in an in- 
strument carrier which Is rotatable about a long- 
itudinal axis relatively to the drill string; 

- rotating the instrument carrier about its longitu- 
dinal axis by means of an Impeller disposed In a 
flow of drilling fluid passing along the drill string; 
and 

- controlling the torque applied to the instrument 
carrier. In response to signals indicative of the ro- 
tational orientation of the instrument carrier, to 
vary the rate of rotation of the Instrument carrier 
relatively to the drill string to provide roll stabilisa- 
tion of the instrument carrier with respect to the 
drill string. 

The following is a more detailed description of 
embodiments of the invention, reference being made 
to the accompanying drawings in which: 

Figure 1 is a diagrammatic section through a roll 
stabilised assembly in accordance with the inven- 
tion. 

Figure 2 Is a block diagram showing a servo loop 
which operates to control the assembly in use. 
Figures 3-8 are further diagrammatic sections, 
corresponding to Figure 1, of alternative forms of 
roll stabilised assembly in accordance with the in- 
vention. 

Figure 9 is a diagrammatic longitudinal section 
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through a steerable PDC drill bit of a kind which 
may be controlled by the roll stabilised assenv 
blies of Figures 1-8, 

Figure 10 is a cross-section through the drill bit of 
Figure 9, and 5 
Figure 1 1 is a diagrammatic sectional representa- 
tion of a deep hole drilling installation. 
Reference will first be made to Figure 11 which 
shows diagrammatically a typical rotary drilling instal- 
lation of the kind in which the system according to the io 
present invention may be employed. 

As Is well known, the bottom hole assembly In- 
cludes a drill bit 1 which is connected to the lower end 
of a drill string 2 which is rotatably driven from the sur- 
face by a rotary table 3 on a drilling platform 4. The is 
rotary table is driven by a drive motor indicated dia- 
grammatically at 5 and raising and lowering of the drill 
string, and application of weight-on-bit, is under the 
control of draw works indicated diagrammatically at 6. 

The bottom hole assembly includes an MWD 20 
(measurement while drilling) package 7 which trans- 
mits to the surface signals, Indicated at 8, Indicative 
of the parameters, such as orientation, under which 
the drill bit 1 is operating. The drive motor 5, draw 
works 6 and pumps 8 are controlled, in known man- 25 
ner, in response to inputs relating to the desired per- 
formance of the drill bit 

As previously explained, when the bottom hole 
assembly is a steerable system, for example of the 
kind which will be described in relation to Figures 9 30 
and 10, it Is necessary for the steering system, while 
steering is taking place, to be continuously controlled 
by signals responsive to the instantaneous rotational 
orientation of the drill bit. The present invention re- 
lates to a system for roll stabilisation of the instrument 35 
package which supplies such continuous signals to 
the steering assembly and also to the MWD transmit- 
ter 7. The roll stabilised system Is indicated generally 
at 110 in Figure 11 and embodiments of such system 
will now be described in relation to Figures 1 to 8. 40 

Referring to the embodiment of Figure 1 , the sup- 
port for the system comprises a tubular drill collar 10 
forming part of the drill string in a steerable rotary drill- 
ing system. For example, the steerable system may 
be of the kind described in British Patent Specification 45 
No. 2246151 in which there is mounted on the end of 
the drill string an asymmetrical drill bit coupled to a 
mud hammer. Alternatively, the drill string may carry 
a t>ottom hole assembly of the kind incorporating a 
synchronous modulated bias unit, that is to say so 
means for applying to the bit structure a displacement 
having a lateral component at right angles to the axis 
of rotation of the bit, and means for modulating the lat- 
eral displacement component In synchronism with ro- 
tation of the bit, and in selected phase relation thereto, 55 
whereby the maximum value of the lateral displace- 
ment component is applied to the bit body at a select- 
ed rotational orientation thereof, so as to cause the bit 
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structure to become displaced laterally as drilling con- 
tinues. Drill bit structures of this kind are described in 
our British Patent Application No. 9118618.9, and a 
preferred form of such a bit structure is also descri- 
bed below with respect to Figures 9 and 10 of the ac- 
company drawings. 

However, the assemblies to be described may es- 
sentially be used with any form of steerable rotary 
drilling system where the instrumentation package is 
required to be roll stabilised. 

Referring again to Figure 1 : during drilling oper- 
ations, as is well known, drilling mud flows downward- 
ly through the drill string, as Indicated by the arrow 11 , 
and Is delivered to the drOI bit to dean and cool the cut- 
tere on the bit as well as to return cuttings to the sur- 
face. 

The system according to the present invention 
comprises a support in the form of a tubular drill collar 
1 0. An elongate generally cylindrical hollow carrier 1 2 
Is mounted In bearings 13. 14, supported within the 
drill collar 1 0, for rotation relatively to the drill collar 10 
about the central longitudinal axis thereof. The carrier 
has one or more internal compartments which contain 
an instrumentation package comprising sensors for 
sensing the orientation of the carrier and the associ- 
ated equipment, described in further detail below, for 
processing signals from the sensore and controlling 
the rotation of the carrier. The Instrumentation pack- 
age is indicated diagrammatically at 111 in Figure 1. 

The bearings 13, 14 are preferably arranged to be 
lubricated by the drilling fluid and may consist of rub- 
ber running on hard-faced journals. 

Downstream of the bearing 13 a multi-bladed im- 
peller 15 is rotatably mounted on the casing of the car- 
rier 12 by means of bearings 1 7. The bearings 1 7 may 
also be lubricated by the drilling fluid. During drilling 
operations the drill string, including the drill collar 1 0, 
will normally rotate clockwise, as indicated by the ar- 
row 1 6, and the impeller 1 5 is so designed that it tends 
to be rotated anti-clockwise as a result of the flow of 
drilling fluki past the impeller. 

The impeller 15 is designed, when rotating about 
the carrier 12, to act as an electrical torquer-genera- 
tor. Thus, the Impeller may contain, around its inner 
periphery, an array of permanent magnets as Indicat- 
ed at 18 cooperating with a fixed stator 19 within the 
casing of the carrier 12. The magnet/stator arrange- 
ment serves as a variable drive coupling between the 
impeller 15 and the carrier 12. 

Figure 2 shows diagrammatically the servo con- 
trol loop which operates to control the instrument 
package to zero rate, i.e. to maintain the carrier 12 at 
a required rotational orientation in space. Irrespective 
of the rotation of tiie drill collar 10. 

As the drill collar 10 rotates during drilling, the 
main bearings 13, 14 apply a clockwise input torque 
21 to the carrier 12, and this is opposed by an anti- 
clockwise torque 22 (indicated by arrow 20 in Figure 



5 



9 



EP 0 520 733 A1 



10 



1) applied to the carrier 12 by the impeller 15. This 
anti-clockwise torque is varied by varying the electri- 
cal load on the generator constituted by the magnets 
18 and the stator 19. This variable load Is applied by 
a generator load control unit 23, under the control of 5 
a computer 24. There are fed to the computer 24 an 
input signal 25 Indicative of the required rotational ori- 
entation (roll angle) of the carrier 12, and feedback 
signals 26 from roll sensors 27 mounted on the carrier 
12. The input signal 25 may be transmitted to the com- io 
puter from a manually operated control unit at the sur- 
face, or may be derived from a downhole computer 
program defining the desired path of the trarehole be- 
ing drilled. 

The computer 24 Is pre-programmed to process is 
the feedback signal 26, which is indicative of the ro- 
tational orientation of the carrier 12 in space, and the 
input signal 25, which is indicative of the desired ro- 
tational orientation of the carrier, and to feed a resul- 
tant output signal 24a to the generator load control 20 
unit 23. The output signal 24a is such as to cause the 
generator load control unit 23 to apply to the torquer- 
generator 18, 19 an electrical load of such magnitude 
that the torque applied to the carrier 1 2 by the torquer- 
generator opposes and balances the bearing running 25 
torque 21 so as to maintain the carrier non-rotating in 
space, and at the rotational orientation demanded by 
the signal 25. 

The output 28 from the roll stabilised system is 
provided by the rotational orientation (or shaft angle) 30 
of the carrier 1 2 itself and the carrier can therefore be 
mechanically connected, for example by a single con- 
trol shaft, directly to a bias unit, or other steering 
mechanism, in the bottom hole assembly. Thus no 
electrical connections, power source or electro-mech- 3S 
anical devices may be required to control the steer- 
able bit structure, thereby simplifying the construc- 
tion of the control arrangement for the steering sys- 
tem. An example of such a mechanically controlled 
steering system is described below in relation to Fig- 40 
ures 9 and 10. 

As previously mentioned, the roll sensors 27 car- 
ried by the carrier 12 may comprise a triad of mutually 
orthogonal linear accelerometers or magnetometers, 
the output signal 26 from these being passed through 45 
a filter and amplifier to the control computer 24. In or- 
der to stabilise the servo loop there may also be 
mounted on the carrier 12 an angular accelerometer. 
The signal from such an accelerometer already has 
inherent phase advance and can be Integrated to give so 
an angular velocity signal which can be mixed with the 
signals from the roll sensors to provide an output 
which accurately defines the orientatton of the carrier 
12 with sufficient accuracy, regardless of lateral and 
torsional vibrations to which it may be subject. 55 

In the arrangement of Figure 1 the impeller 15 
and permanent magnets 18 are rotating in the mud 
flow whereas the stator 19 is located within a com- 



partment in the casing of the carrier 12, which consti- 
tutes a pressure housing. Such arrangement may 
suffer from the disadvantage that the magnet circuit 
gaps between the permanent magnets and stator are 
necessarily comparatively large with the result that 
the size of the torquer-generator provided by the im- 
peller must be increased to compensate for the re- 
duced magnetic fields. Figure 3 shows an alternative 
arrangement in which this problem is overcome by lo- 
cating the torquer-generator entirely within the casing 
of the carrier, and connecting it to the impeller by a 
transmission incorporating a magnetic coupling. 

Referring to Figure 3. the magnetic coupling conv 
prises a magnet assembly 329 extending around the 
inner periphery of the impeller 315 externally of the 
carrier 312, and a magnet assembly 330 extending 
around the outer periphery of a rotor 331 within the 
pressure casing, the rotor 331 being carried by a shaft 
332 rotatably mounted in bearings 333. The magnetic 
coupling provided by the cooperating magnetic as- 
semblies 329 and 330 results in the rotor 331 and 
shaft 332 rotating with the Impeller 315, as the Impel- 
ler itself is rotated by the flow of mud along the drill 
collar 310. The construction and operation of such 
magnetic couplings is well known, and will not there- 
fore be described In further detail. 

The end of the shaft 332 remote from the rotor 
331 carries a permanent magnet rotor 334 which co- 
operates with a stator 335 fixed to the casing 312. The 
rotor 334 and stator 335 assembly then constitute the 
torquer-generator which applies the controlled anti- 
clockwise torque 22 in the servo loop of Figure 2 
which effects roll stabilisatbn of the carrier 312 under 
the control of ttie control computer 24. It will be appre- 
ciated that since, in this arrangement, the torquer- 
generator is entirely enclosed within the pressure cas- 
ing within the carrier 312 the magnetic circuit gaps be- 
tween the rotor 334 and stator 335 may be designed 
for optimum performance Instead of being deter- 
mined by the mechanical constraints of the arrange- 
ment of Figure 1. The design of the rotor 334 is also 
not affected by the space constraints which apply with 
the magnet assembly 18 on the impeller 15 in the ar- 
rangement of Figure 1. 

The torquer-generator 334, 335 is preferably dis- 
posed in a compartment within the carrier 312 which 
is pressure balanced with the drilling mud pressure 
outside the carrier 312, thereby permitting the wall of 
the carrier casing to be thinner, and thereby reducing 
the magnetic circuit gap between the magnet assenrv 
blies 329 and 330 of the magnetic coupling. For ex- 
ample the whole compartment within the carrier 312 
within which the torquer-generator is located may be 
filled with clean pressurised oil. 

Figure 4 shows a modified version of the arrange- 
ment of Figure 3 in which there is provided in the shaft 
432 a gear box 436, for example an eplcydic gear 
box, to multiply the torque generated by the torquer- 
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generator. Apart from the inclusion of the gear box 
436, the other components of the Figure 4 arrange- 
ment are the same as In the Figure 3 arrangement 
and include a driil collar 410, a carrier 41 2, an impeller 
415, a magnetic coupling 429, 430, and a torquer- s 
generator 434, 435. 

In the arrangements of Figures 1 to 4, the impeller 
is coupled to the carrier through a controllable tor- 
quer-generator. Figure 5 Illustrates an alternative ar- 
rangement In which the impeller 51 5 is directly mech- io 
anically coupled to the carrier 51 2 and the output tor- 
que is controlled by a variable brake applied between 
the drill collar and the carrier. 

Referring to Figure 5: as in the previously descri- 
bed arrangements the carrier 51 2 is mounted in bear- is 
ings 513, 514 supported within the drill collar 510, for 
rotation relatively to the drill collar 510 about the cen- 
tral longitudinal axis thereof. In this case, however, the 
impeller 515 is fixedly mounted on the carrier 512. 

As before, the Impeller 515 is so designed that it 20 
is rotated anti-clockwise as a result of the flow of drill- 
ing fluid past the Impeller, Imparting an anti-clockwise 
torque to the carrier 512. In this arrangement, how- 
ever, the output torque from the carrier 512 is control- 
led by a controllable brake 537, located within the car- 25 
rier 512 and acting between the carrier and a shaft 
538 mounted in bearings 539 within the carrier. The 
t)rake 537 may be any suitable form of controllable 
brake, such as a friction, hydraulic or electro-magnet- 
ic brake. 30 

The shaft 538 Is connected to the drill collar 510 
through a magnetic coupling, indicated generally at 
540, comprising a magnet assembly 541 on the end 
of the shaft 538 cooperating with a stationary magnet 
assembly 542 disposed around the inskie of the drill 35 
collar 510 so that the shaft 538 rotates with the drill 
collar 510 relatively to the carrier 512. 

The brake 537 is under the control of the control 
computer 24 in a servo loop corresponding to that of 
Figure 2, and in this case adjustment of the brake un- 40 
der the control of the computer serves to control the 
output torque and shaft angle 28 of the carrier 512 in 
response to the input 25 to the control computer and 
the feedback 26 from the instrument package 27. 

In the arrangements of Figures 1 to 4. the electric 45 
generator driven by the impeller also provides the 
necessary power for the instruments in the instru- 
ment package. In the arrangement of Figure 5, in the 
absence of such a generator, other means, such as a 
battery, may be necessary to provide electrical power so 
for the instrument package in the carrier. In the modi- 
fied arrangement of Figure 6, this disadvantage is 
overcome by providing a brake in the form of an elec- 
tric generator 643, comprising a rotor 644 mounted on 
the shaft 638 and rotating within a stator 645 mounted 55 
within the casing of the carrier 612. An epicydlc gear 
box 646 is provided In the shaft 638 to increase the 
torque supplied by the generator 643. The operation 



of the system is otherwise generally similar to that of 
Figure 5, the output of the generator 643 being under 
the control of the control computer 24 In a servo loop 
corresponding to that of Figure 2. 

Figure 7 illustrates a still further alternative ar- 
rangement in accordance with the invention. As in the 
arrangement of Figure 3, an impeller 715 is magnet- 
ically coupled to a generator 734. 735. In this case, 
however, the generator 734. 735 supplies electric 
power, via a controlled amplifier (not shown), to a ser- 
vo motor comprising a stator 745 fixed to the carrier 
712 and a rotor 744 connected through an (optional) 
gear box 746 to a shaft 738 which is magnetically cou- 
pled to the drill collar 710. The servo motor 744, 745 
thus rotates the carrier 712 antl-dockwise relatively 
to the drill collar 710, such rotation being controlled, 
by a servo loop corresponding to that of Figure 2, to 
maintain the carrier 712 non-rotating in space, at a 
desired rotatk)nal orientation. 

The generator 734, 735 runs at high speed, com- 
pared to the generator 643 of the arrangement of Fig- 
ure 6, for example, and all the torque generated Is 
therefore multiplied by the mechanical advantage 
arising from the angular velocity ratio between the im- 
peller 715 and the output. In this arrangement most 
of the torque comes from the servo motor 744, 745 
through the second magnetic coupling. However, the 
torque from the generator 734, 735 also reacts on the 
carrier 712 in the same direction, and would Increase 
with servo motor power, but It would be smaller due 
to its higher speed. This system may make better use 
of til e power from the impeller than ttie previously de- 
scribed arrangements. 

In the arrangement of Figure 8, the impeller 815 
which is rotatably mounted on the carrier 812 is con- 
nected by a magnetic coupling 829, 830 to a f irat shaft 
850 on which is mounted the rotor 851 of an electrical 
generator, the stator 852 of the generator being 
mounted within the carrier 81 2. A second shaft 853 ro- 
tatably mounted within the carrier 812 is coupled to 
the drill collar 810 through a reduction gearbox 854 
and a further magnetic coupling 855, 856. 

The f irat shaft 850 and second shaft 853 are co- 
axial and are connected by a spur differential gear 
mechanism shown diagrammatical ly at 857. The dif- 
ferential gear mechanism Is shown as a simple spur 
gear differential arrangement for the purposes of clar- 
ity and explanation. It will be appreciated, however, 
that any other form of differential gear may be em- 
ployed and selected according to the constraints of 
space within the carrier 812. 

The orbiting carrier 858 of the differential gear is 
mounted on a shaft 862 which is rotatable concentri- 
cally within the shaft 853 and carries the rotor 859 of 
an electric motor/brake, the stator 860 of which is 
mounted on the carrier 812. 

In the arrangement shown the torque applied to 
the carrier 812 by the impeller 815 is controlled by 
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controlling the motor/brake 859, 860. The ratio of the 
gearbox 854 is selected to match the impeller torque- 
/speed characteristic with zero output speed from the 
differential gear box 857. Under the maximum power 
condition no power is lost in the motor/brake 859, 860 5 
and efficiency is high. For lower output speed condi- 
tions the motor/brake is controlled, by a control signal 
822 from a controller 823 in the instrument package, 
to absorb the speed difference via the differential 
gear mechanism 857. The speed of rotation of the car- io 
rier 812 may thus be controlled by controlling opera- 
tion of the motor/brake 859, 860. and Is controlled, as 
in the previously described arrangements, so that the 
carrier remains non-rotatable in space at a desired ro- 
tational orientation. is 

The motor/brake 859, 860 could be used to sup- 
ply electrical power to the Instrument package. IHow- 
ever, under certain conditk)ns, for example where the 
carrier 812 is rotating in space when an output signal 
is not required from the system, the motor/brake 859, 20 
860 may be stationary or acting as a motor and would 
not therefore be generating electrical power. In order 
to ensure that electrical power is available under all 
conditions, therefore, the generator 851, 852, is cou- 
pled to the first shaft 850. It should be appreciated 25 
that, in addition to providing the required electrical 
power for the instrumentation, the generator 851 , 852 
will also transmit some torque from the impeller 815 
to the carrier 812. in the same fashion as the gener- 
ator 334, 335 in the arrangement of Figure 3. The 30 
electrical load on the generator 851 , 852 Is therefore 
also controlled by a signal 861 from the controller 823 
so that the overall torque transmitted to the carrier 812 
by both the generator 851 , 852 and the brake 859, 860 
is of the magnitude required to rotate the carrier 812 3S 
at such speed relatively to the drill collar 812 that the 
carrier remains non-rotating in space. 

As In the previously described arrangements the 
controller 823 will be under the control of a pre-pro- 
grammed computer to deliver the signals 822 and 861 40 
which are appropriate to achieve the required effect 
in response to input signals to the computer compris- 
ing signals from the sensors responsive to the rota- 
tional orientation of the carrier and a signal Indicative 
of the desired angular orientation. 45 

The particular details of an appropriate computer 
control system to achieve the required effects will be 
within the normal skill of a suitably qualified person. 
Such details do not therefore form part of the present 
invention and do not require to be described inn detail. so 

Figures 9 and 10 show diagrammatically a PDC 
(potycrystalllne dlanr>ond compact) drill bit incorporat- 
ing a synchronous modulated bias unit for effecting 
steering of the bit, during rotary drilling, under the con- 
trol of a roll stabilised system of any of the kinds ac- 55 
cording to the invention and described above in rela- 
tion to Figures 1 to 8. 

The drill bit comprises a bit body 50 having a 



shank 51 for connection to the drill string and a central 
passage 52 for supplying drilling fluid through bores, 
such as 53, to nozzles such as 54 In the face of the 
bit. 

The face of the bit is formed with a number of 
blades 55, for example four blades, each of whteh car- 
ries, spaced apart along its length, a plurality of PDC 
cutters (not shown). Each cutter may be of the kind 
comprising a circular tablet, made up of a super hard 
table of polycrystalllne diamond, providing the front 
cutting face, bonded to a substrate of cemented tung- 
sten carbide. Each cutting element is brazed to a 
tungsten carbide post or stud which is received within 
a socket in the blade 55 on the bit body. 

The gauge portion 57 of the bit body is formed 
with four clrcumferentially spaced kickers which, in 
use, engage the walls of the borehole being drilled 
and are separated by junk slots. 

PDC drill bits having the features just described 
are generally well known and such features do not 
therefore require to be described or illustrated in fur- 
ther detail. The drill bit of Figures 9 and 10, however, 
incorporates a synchronous modulated bias unit of a 
kind which allows the bit to be steered in the course 
of rotary drilling and the features of such bias unit will 
now be described. 

Each of the four kickers 58 of the drill bit incorpor- 
ates a piston assembly 59, 60, 61 or 62 which is slide- 
able Inwardly and outwardly in a matching t>ore 63 in 
the bit body. The opposite piston assemblies 59 and 
60 are Interconnected by four parallel rods 64 which 
are slideable through correspondingly shaped guide 
bores through the bit t>ody so that the piston assem- 
blies are rigidly connected together at a constant dis- 
tance apart. The other two piston assemblies 61 and 
62 are similarly connected by rods 65 extending at 
right angles below the respective rods 64. 

The outer surfaces of the piston assemblies 59, 
60, 61, 62 are cyllndrically curved in conformity with 
the curved outer surfaces of the kickers. The distance 
apart of opposed piston assemblies is such that when 
the outer surface of one assembly, such as the as- 
sembly 60 in Figure 10. is flush with the surface of its 
kicker, the outer surface of the opposite assembly, 
such as 59 in Figure 10, projects a short distance be- 
yond the outer surface of its associated kicker. 

Each piston assembly is separated from the inner 
end of the bore 63 In whteh it is slideable by a flexible 
diaphragm 66 so as to define an enclosed chamber 
67 between the diaphragm and the inner wall of the 
bore 63. The upper end of each chamber 67 commu- 
nicates through an inclined bore 68 with the central 
passage 52 In the bit body, a choke 69 being located 
in the bore 68. 

The lower end of each chamber 67 communi- 
cates through a bore 70 with a cylindrical radially ex- 
tending valve chamber 71 closed off by a f bced plug 
72. An aperture 73 places the inner end of the valve 
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chamber 71 in communication with a part 52a of the 
central passage 52 beiow a circular spider/choke 77 
mounted in the passage 52. The aperture 73 is con- 
trolled by a poppet valve 74 mounted on a rod 7 5. The 
inner end of each rod 75 is slidingiy supported in a 
blind bore in the inner end of the plug 72. 

The valve rod 75 extends inwardly through each 
aperture 73 and is supported In a sliding bearing 76 
depending from the circular spider 77, The spider 77 
has vertical through passages 78 to permit the flow 
of drilling fluid past the spider to the nozzles 54 in the 
bit face, and therefore also acts as a choke to create 
a pressure drop in the fluid. A control shaft 79 extends 
axiaily through the centre of the spider 77 and Is sup- 
ported therein by bearings 80. The lower end of the 
control shaft 79 carries a cam member 81 which co- 
operates with the four valve rods 75 to operate the 
poppet valves 74. 

The upper end of the control shaft 79 is detach- 
ably coupled to an output shaft 85 which Is mounted 
axiaily on the carrier of a roll stabilised assembly of 
any of the kinds prevtously described. The coupling 
may be in the form of a mule shoe 86 which, as is well 
known, is a type of readily engageable and diseng- 
ageable coupling which automatically connects two 
shafts in a predetermined relative rotational orienta- 
tion to one another. One shaft 79 carries a transverse 
pin which is guided Into an openended axial slot on a 
coupling member on the other shaft 85, by engage- 
ment with a peripheral cam surface on the coupling 
member. During steered directional drilling the shafts 
85 and 79 remains substantially stationary at an an- 
gular orientation, in space, which is controlled as pre- 
vk>usly described and is determined by the desired 
output angle which is fed to the control computer 24 
of the roll stabilised package. 

As the drill bit rotates relatively to the shaft 79 the 
cam member 81 opens and closes the four poppet 
valves 74 in succession. When a poppet valve 74 is 
open drilling fluid from the central passage 52 flows 
Into the associated chamber 67 through the bore 68 
and then flows out of the chamber 67 through the bore 
70, valve chamber 71 , and aperture 73 into the lower 
end 52a of the passage 52, which is at a lower pres- 
sure than the upper part of the passage due to the 
pressure drop caused by the spider 77 and a further 
choke 82 extending across the passage 52 above the 
spider 77. This throughflow of drilling fluid flushes any 
debris from the bores 68 and 70 and chamber 67. 

The further choke 82 is replaceable, and is select- 
ed according to the total pressure drop required 
across the choke 82 and spider 77, having regard to 
the particular pressure and flow rate of the drilling flu- 
id being employed. 

As the drill bit rotates to a position where the pop- 
pet valve 74 is closed, the pressure in the chamber 67 
rises causing the associated piston assemt>iy to be 
displaced outwardly with respect to the bit body. Si- 



multaneously, due to their interconnection by the rods 
64 or 65, the opposed piston assembly is withdrawn 
inwardly to the position where it is flush with the outer 
surface of its associated kicker, such inward move- 

5 ment being permitted since the poppet valve associ- 
ated with the opposed piston assembly will be open. 

Accordingly, the displacement of the piston as- 
semblies is nrKxJuiated in synchronism with rotation of 
the bit body about the control shaft 79. As a result of 

10 the modulation of the displacement of the piston as- 
semblies, a periodic lateral displacement is applied to 
the drill bit in a constant direction as the bit rotates, 
such directton being determined by the angular orien- 
tation of the shafts 85 and 79. The displacement of the 

15 drill bit. as rotary drilling proceeds, determines the di- 
rection of deviation of the borehole. 

When it is required to drill without deviation, the 
control shafts 85, 79 are allowed to rotate in space, 
instead of being held at a required rotational orienta- 

20 tion. 

Figures 9 and 10 illustrate only one form of syn- 
chronous modulated bias system suitable for use with 
a roll stabilised control assembly of the kind to which 
the present invention relates, and any other suitable 

25 form of bias unit may be employed. Examples of al- 
ternative forms of bias unit are described in our co- 
pending British Patent Application No. 9118618.9. 

In the arrangement described, the modulated 
bias unit is incorporated in the drill bit itself, and such 

30 arrangement Is preferred. It will be understood, how- 
ever, that a suitable bias unit could be a separate unit 
to which the drill bit is coupled, forming part of the bot- 
tom hole assembly. If the bias system is incorporated 
in a separate unit it may be used in conjunction with 

35 existing forms of drill bit, or types of bit where it is not 
possible to incorporate the bias unit in the bit itself. 

A major advantage of the described arrange- 
ments is that the roll stabilised control assembly may 
be a completely separate unit from the drill bit. or from 

40 the drill bit and bias unit. The roll stabilised instrument 
package is merely connected to the bias unit by the 
control shaft 85 and coupling 86, and thus different 
bias units may be readily coupled with the roll stabil- 
ised package. The coupling connecting the roll stabil- 

45 ised assembly to the bias unit may be any form of cou- 
pling which may be readily decoupled without affect- 
ing the integrity of said assembly or the bias unit. 
Other suitable couplings will be within the knowledge 
of the skilled person and do not require to be descri- 

50 bed in further detail. The ability to decouple the roll 
stabilised instrument package from the drill bit and/or 
bias unit is important since the roll stabilised instru- 
ment package is costly but has a comparatively long 
life, whereas the bias unit and drill bit are expendable 

55 and comparatively short lived. This may provide a sig- 
nificant advantage over existing controlled steerable 
rotary drilling systems where the control system and 
bias mechanism are closely integrated so that the 
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whole system must be discarded when the bias mech- 
anism reaches the end of its life for whatever reason. 



Claims 

1 . A system for maintaining a downhole instrumen- 
tation package in a roll stabilised orientation with 
respect to a drill string, comprising a support 
(310) connectable to a drill string, an instrument 
carrier (312) carried by the support, and means 
carried by the support for permitting the instru- 
ment carrier to rotate about the instrument carri- 
er's longitudinal axis, characterised by a rotatable 
impeller (315) mounted on the instrument carrier 
for rotation by a flow of drilling fluid over the im- 
peller, means (334,335) coupling the impeller to 
the instrument carrier for transmitting a torque to 
the instrument carrier to cause it to rotate about 
its longitudinal axis relatively to the support (310) 
in a direction opposite to the direction of rotation 
of the support and drill string, sensors (27) car- 
ried by the instrument carrier for sensing the ro- 
tational orientation of the instrument carrier about 
its longitudinal axis and producing a signal (26) in- 
dicative of said rotational orientation, and control 
means (24,23) for controlling, In response to said 
signal, the torque applied to the Instrument carri- 
er to vary the rate of rotation of the instrument 
carrier relatively to the support, to provide roll sta- 
bilisation of the instrument carrier with respect to 
the support and the drill string. 

2. A system according to Claim 1 , wherein the long- 
itudinal axis of the instrument carrier (312) is co- 
incident with the central longitudinal axis of the 
drill string. 

3. A system according to Claim 1 or Claim 2, where- 
in the impeller (315) is rotatabiy mounted on the 
instrument carrier (312) for rotation about the 
longitudinal axis of the instrument carrier. 

4. A system according to any of Claims 1 to 3, 
wherein the means coupling the impeller to the in- 
strument carrier include an electro-magnetic 
coupling (334,335) acting as an electrical gener- 
ator, the torque transmitted to the carrier by the 
coupling being controlled by means (23) to con- 
trol the electrical load applied to the generator 
output in response to said output signal (26) from 
the roll sensors (27) and to a signal (25) indicative 
of the desired rotational orientation of the carrier 

5. A system according to Claim 4, wherein the Impel- 
ler (315) is rotatable relatively to the carrier (31 2) 
and the electro-magnetic coupling, acting as an 
electrical generator, comprises a rotor (334) rotat- 



ing with the impeller and a stator (335) f bced to the 
carrier. 

6. A system according to Claim 5, wherein the stator 
5 (19) is located within an internal compartment of 

the carrier and the rotor (18) is located externally 
of the carrier, the rotor and stator being separated 
by a cylindrical wall of said compartment. 

10 7. A system according to Claim 5, wherein both the 
rotor (334) and stator (335) of the electrical gen- 
erator are located within an internal compartment 
of the carrier, the impeller being coupled to the ro- 
tor by a transmission (329,330) through a wall of 

15 said compartment. 

8. A system according to Claim 7, wherein said 
transmission includes a magnetic coupling 
(329,330) acting across said wall of the compart- 

20 ment. 

9. A system according to Claim 7 or Qaim 8, where- 
in a reduction geart>ox (436) is connected be- 
tween the impeller (41 5) and the rotor (434) of the 

25 electrical generator. 

10. A system according to Claim 1, wherein the 
means for controlling the torque applied to the In- 
strument carrier (51 2) include controllable brak- 

30 ing means (537) applied between the carrier 

(512) and the aforesaid support (510) on which 
the carrier is rotatabiy mounted. 

11. A system according to Claim 10, wherein saki 
35 braking means (537) are located within an inter- 
nal compartment of the carrier (51 2) and are con- 
nected to said support by a transmission which in- 
cludes a magnetic coupling (541, 542) acting 
across a wall of the compartment. 

40 

12. A system according to Claim 10 or Claim 11, 
wherein the impeller (515) is directly mechanical- 
ly coupled to the carrier (512). 

45 13. A system according to any of Claims 10 to 12, 
wherein the braking means comprise an electrical 
generator having a rotor (644) connected to the 
support and a stator (645) connected to the in- 
strument carrier (612), the torque absorbed by 

so the generator being controlled by means (23) to 

control the electrical load applied to the generator 
output in response to said output signal (26) from 
the roll sensors (27) and to a signal (25) indicative 
of the desired rotational orientation of the carrier. 

55 

1 4. A system according to Claim 1 3, wherein a reduc- 
tion gearbox (646) is connected between the rotor 
(644) and the support 
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15. A system according to any of Claims 4 to 9, 
wherein tiie electrical generator (734, 735) driven 
by the impeller (715) supplies electrical power to 
an electric servo motor (744, 745). carried by the 
instrument carrier (712), which servo motor has 
an output shaft (738) connected to the support 
(710) to effect rotation of the instrument carrier 
relatively to the support. 

16. A system according to Claim 15, wherein the out- 
put shaft (738) of the servo motor is connected to 
the support (710) through a magnetic coupling. 

17. A system according to Claim 15 or Claim 16, 
wherein the output shaft (738) of the servo motor 
is connected to the support through a reduction 
gearbox (746). 

18. A system according to Claim 1, wherein the 
means coupling the impeller to the Instrument 
carrier for transmitting a torque thereto compris- 
es: a first shaft (850) rotatably mounted on the in- 
strument carrier (812); means (829,830) drivably 
coupling the impeller (815) to the first shaft; a 
second shaft (853) rotatably mounted on the in- 
strument carrier; means (855,856) coupling the 
second shaft to the support (810) on which the in- 
strument carrier is rotatably mounted; a differen- 
tial gear mechanism (857) coupling the first shaft 
(850) to the second shaft (853); an electro-mag- 
netic motor/generator (859,860) mounted on the 
instrument carrier and connected to the differen- 
tial gear mechanism (857) to transmit torque from 
said mechanism to the instrument carrier; and 
means (823) controlling the motor/generator, in 
response to the aforesaid signal indicative of the 
rotational orientation of the instrument carrier, to 
control the torque applied to the instrument car- 
rier. 

19. A system according to Claim 18, and further com- 
prising an electrical generator (851,852) driven 
by the impeller (815), the generator comprising a 
rotor (851) driven by said first shaft (850) and a 
stator (852) mounted on the instrument carrier. 

20. A system according to any of Claims 1 to 19, 
wherein the roll sensors (27) comprise a triad of 
mutually orthogonal linear accelerometers or 
magnetometers. 

21. A steerable rotary drilling system comprising a 
roil stabilised instrument assembly having an out- 
put control shaft (85) the rotational orientation of 
which represents a desired direction of steering, 
a bottom hole assembly including a bit structure 
(50,51 ,52,53,54,55) and a synchronous modulat- 
ed bias unit (59,60,61,62) Including means for ap- 
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plying to the bit structure a displacement having 
a lateral component at right angles to the axis of 
rotation of the bit structure, means (81,75) oper- 
ated by rotation of the bias unit relatively to said 
output control shaft (85) for modulating said lat- 
eral displacement component in synchronism 
with rotation of the bit structure, and In a phase 
relation thereto determined by the rotational ori- 
entation of the control shaft, whereby the maxi- 
mum value of said lateral displacement compo- 
nent is applied to the bit structure at a rotational 
orientation thereof dependant on the rotational 
orientation of the control shaft, thereby to cause 
the bit structure to become displaced laterally In 
said desired direction as drilling continues, and 
means (86) for decoupling the control shaft from 
the roll stabilised instrument assembly and/or 
from the bias unit while maintaining the integrity 
of said assembly and bias unit respectively. 

22. A steerable rotary drilling system according to 
Claim 21, wherein the bias unit is Incorporated in 
the bit structure. 

23. A steering rotary drilling system according to 
Claim 21 or Claim 22, wherein the roll stabilised 
instrument assembly is in accordance with any of 
Claims 1 to 20. 



24. A method of maintaining a down hole instrumen- 
tation package in a roll stabilised orientation with 
respect to a drill string, comprising the steps of: 
mounting the instrumentation package in an in- 
strument carrier which is rotatable about a long- 

35 itudinal axis relatively to the drill string; rotating 

the Instrument carrier at>out its longitudinal axis 
by means of an impeller disposed in a flow of drill- 
ing fluid passing along the drill string; and control- 
ling the torque applied to the instrument carrier, 

40 in response to signals indicative of the rotational 

orientation of the instrument carrier, to vary the 
rate of rotation of the instrument carrier relatively 
to the drill string to provide roll stabilisation of the 
instrument carrier with respect to the drill string. 

45 

25. A method according to Claim 24, wherein the tor- 
que applied to the instrument carrier is controlled 
by controlling a variable coupling between the im- 
peller and the instrument carrier to vary the tor- 

50 que transmitted to the instrument carrier by the 

impeller. 

26. A method according to Claim 24, wherein the tor- 
que applied to the instrument carrier is controlled 

55 by applying a brake to the instrument carrier to 

absorb a proportion of the torque applied to the 
instrument carrier by the impeller. 
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